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Students Constructing Visual Aids
to Increase Science Literacy
by Pete Kohnen
Introduction
As teachers, we are presented with the monumental
task of understanding how our students are thinking
about an idea, concept, or problem so we can better
support their learning of the content we are trying to
teach. Consequently, research on teacher education has
seen an increased focus on making students’ thought
processes more explicit for teachers so that the teacher
can identify whether the students actually understand
a concept, or just the answer to a particular question
(Ritchhart, Turner, & Hadar 2009; Ritchhart, Church,
& Morrison, 2011; teachingworks.org). In addition
to making the student’s thought process clear to the
teacher, the students further develop a valuable skill in
effectively communicating their ideas.
Eliciting and interpreting individual student’s thinking
is one of the 19 “High Leverage Teaching Practices”
that the research team at Teachingworks.org has identified as core skills imperative for teachers to develop
before entering the field, and then continue to hone as
they progress in their career (2016). This directly relates
to developing students’ literacy across all content areas
(Ritchhart, Church, & Morrison, 2011). In this essay,
we are going to examine how using a scaffolded exercise
where students take information from a text, organize it
in a chart, and then create their own visual aids will allow teachers to thoroughly examine and evaluate a student’s thought process. This will, in turn, allow teachers
to better guide their students’ educational experiences.
Recent research has also focused on transitioning from
teacher-centered education to learner-centered education (Ritchhart, Church, & Morrison, 2011). This paradigm shift focuses much of its efforts on active learning, which Roehl, Reddy and Shannon (2013) define
as instructional activities where students are physically
doing things and reflecting on what they are doing. The
exercises described later in this essay provide real-life,
effective manifestations of this principle.

30

Pete Kohnen

Having students create their own visual aids is not a
new concept by any means. However, although handson activities such as creating visual aids are engaging for the students, they don’t necessarily facilitate
meaningful understanding of the material (Wiggins &
McTighe, 2005). The goal of this essay is to illustrate
the value of shifting the purpose of visual aids from
something that simply displays a concept to something
that promotes understanding of a concept through
manipulation of the content into a format that the student communicates through their own deep thought
process in a clear and visual way. Guiding a student
to develop the ability to communicate their thought
process is supported by leading research and improves
student literacy in any given content area (Ritchhart,
Church, & Morrison, 2011).

Applying Theory to
Science Classrooms
In the field of science, we can expand upon this idea.
Instead of providing the students with questions to
answer and then having the teacher confirm or invalidate their responses, we can assign the construction of
a visual aid. In doing this, teachers would be able to see
the student’s thought process and the students would
build their own study tool to help them master the
material. Instead of simply memorizing a series of facts,
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the students would develop literacy in the content area
while developing an artifact of learning that is catered
to their individual thought process.

word bank. This would allow students at different
ability levels to successfully participate in the activity. I
will discuss further differentiation later.

Semantic Feature Analysis (SFA) is a useful formative
assessment where students are given a group of vocabulary words and asked to place them into categories
(Vacca, Vacca & Mraz, 2014). This exercise allows the
students to become familiar with the basic components,
vocabulary, and ideas of the section. The combination
of the two exercises discussed below (SFA and Concept Map Creation) provides two formative assessment
opportunities so that teachers can more accurately pinpoint any misconceptions and adjust their instruction
accordingly.

After small groups of students discuss their tables with
each other, the class would discuss the words and discuss where the words fit into the table. Figure 1 below
shows a table of gene expression that was collectively
created by a class during their SFA. The purpose of
creating the table is to help the students organize the
words into the broad categories in which they belong
without yet requiring the more intricate connections
between the words themselves.

In my biology classroom, I had the students perform
a Semantic Feature Analysis (SFA) to understand the
processes of transcription and translation (steps in gene
expression). In this article, I use examples from my
own classroom experience to present and describe this
activity as a flexible tool that can be used across content areas to support deep learning of vocabulary and
concepts. To begin with, students are given a blank version of the table in Figure 1. Higher level students can
just be given the table and asked to pull the words out
of their book. Average students can be given a word
bank, and lower level students can be given a sorted

Once the class arrives at a consensus about the placement of the terms in the table, students are asked to
create some form of visual aid. This involves allowing
them time to navigate how the terms were connected
to each other. For example, students frequently start
by placing initiation, elongation, and termination in
some sort of directional flow chart. If their thinking
stalls out there, a teacher could ask them what physical components are present at each of those phases or
what is happening at each phase. In doing this process,
with or without prompts from the teacher, the students will be able to navigate the complex terminology,
make connections between individual terms, and then
expand upon those connections to see how each term
Figure 1 – I provided a blank table,
and through the reading exercise,
the students filled in the blanks to
produce the table seen here.
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fits together in an extremely complex process. As the
teacher circulates throughout the classroom, it is important to express to the students that they should be
able to include all of the terms in their final version of
the visual representation.
Figure 2 below shows a visual map that was created
from the information in the table. Placing the words
from a table of words into a visual map can make
it easier for a student to see exactly how each word
is related to the other words instead of simply what
category it could fall under. It also allows the students
to see how the two columns relate to each other instead
of just knowing the processes independent of each
other. Ritchhart, Church, & Morrison (2011) suggest
that understanding is not a precursor to creating, but a
result of it. Using this principle, students are increasing
their understanding by creating connections between
all of the words in the SFA.
A teacher presented with this visual aid would be justified in feeling confident that their student has a thorough understanding of the concept of Gene Expression. By making this map, the student has successfully
represented how each word relates to the other words

presented in the text and organized in the SFA. In order
to construct this map, the student has gone well beyond
simple definitions and classifying the words. By doing
this final exercise, the student has interacted with the
words, understood their place in the process of gene expression, and then communicated their understanding
of this in a clear and concise way. Finally, after having
created this kind of visual aid, students have created an
excellent study tool for themselves that follows their
exact thought process instead of having to use a universally prescribed method or a one-size-fits-all study
tool. Using educational tools designed to be universally
understandable has been shown to be ineffective on
a large scale (Kreuter, Strecher, & Glassman, 1999),
and constructing SFAs and visual representations seeks
instead to tailor the learning and application of content
to each student’s individual thought process.
In order to successfully evaluate each student’s individual project, the teacher would need to have a complete
and flexible understanding of the concepts because the
students’ visual representations of the process will almost certainly differ from the teacher’s. It is imperative
that the teacher understands the multiple possible con-

Figure 2 – From the information in Figure 1, a student was able to produce this visual map of the process of gene
expression. Teachers and study groups would be able to use something like this to facilitate a series of questions in order
to help deepen student understanding. The visual aspect of this exercise combined with the verbal exercises would allow
the student(s) to display their understanding of the concept of gene expression in a deep and meaningful way.
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nections among concepts so that as he or she sees the
students making connections in a correct but possibly
different way, the teacher will not stifle an appropriate
thought pattern simply because it does not mirror his
or her own (Ritchhart, Church, & Morrison, 2011).
To deepen a student’s understanding of the concept
being discussed in a lesson, it would be reasonable to
have a student present this kind of visual aid in small
groups or to the class and let the class ask questions
about the map. Having a student explain their visual
aid to another person not only enhances the creator’s
literacy of the content, but it can also help increase the
literacy of other students who have not conceptualized
the information in the same way the presenting student
had. Additionally, having to defend their placement
of the terms affords students an opportunity to have a
meaningful discussion about their thoughts and solidify
a deep understanding of the content.

Differentiation for a variety of
learners and learning experiences
One of the nice features of this sequence of learning
activities is that there is quite a bit of room for flexibility and expansion. As an extension to this, it is feasible
to supply students with pictures that correspond to the
word bank for students who have difficulties reading
or for ESL students. Another way to assist struggling
learners is to provide them with the same table, but
with definitions for the terms to give them a clue
where each term belongs. As stated previously, one
could group the word banks so that one word bank
corresponds to the physical components of each of
the processes, another word bank corresponds to the
important terms that are not physical components, and
a third word bank would correspond to the remaining
sections of the table.
For the actual construction of the visual aid, you
could group the words into threes so that students will
have micro-steps of the process given to them to help
them organize their thoughts. It may also be helpful
for struggling learners to be given a series of prompts
to help guide their brainstorming. Possible prompts
for the example used above would be: What physical

components are required for the initiation of transcription? What physical components are necessary during
the elongation phase of translation? Questions such
as these facilitate students’ thinking about the answers
without actually giving them the information.

Practice Universality
and Conclusion
The series of learning experiences discussed in this essay
were adapted from a reading assignment to fit the needs
of a science classroom. With this in mind, everything
discussed here is able to be modified to fit a variety of
classrooms and content areas. For a history classroom,
the SFA could introduce students to historical characters and events which could then turn into a timeline
of historical events that could be connected to another
timeline, enabling students to compare historical events
and see how they could have possible common influences. For a Language Arts class, the parts of a sentence
could be worked into the SFA and then students might
be able to visualize what is typically spoken or written
in a linear fashion. A math teacher in a geometry unit
could introduce new words in the SFA format and
then have the students navigate through how each of
the values is related to another value, which would
enable them to become better math problem solvers.
The process of Semantic Feature Analysis followed by
having students visually construct their understanding
of the connections between the terms and concepts can
facilitate the opportunity for deep understanding of the
material in a variety of content areas.
Treating learning as a homogenous experience for all
students in a classroom is detrimental to the many
learners whose learning is not effectively supported by
exercises that have previously been considered universally helpful. As teachers, it is our responsibility to ensure that our students leave our classroom with both a
clear understanding of the concepts we have covered as
well as skills they can transfer to other aspects of their
education and life. The construction and subsequent
use of visual aids is congruent with this goal and with
leading contemporary research.
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